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(54) AIR COOLED MOTOR 

(57) An air passage (21) extending in the axial 
direction of a motor shaft (6) is formed in a plurality of 
places in the peripheral wall of a motor housing (2). An 
extension tube (4) is f ixed to a rear end of the motor 
housing (2) to provide a space for mounting a rotary 
joint (33) for connecting a coolant feed pipe (8) to the 
end of a through hole (7) in the motor shaft (6). and the 



extension tube (4) is used as an exhaust (ventilation) 
passage, so that the motor (1) can be cooled with air 
introduced into the air passage (21) through the tube (4) 
by using a fan (37) provided on a rear end of the exten- 
sion tube (4). 




41 ^ 



< 
CO 

o> 

00 
CO 

1^ 

00 

Q 

0. 
LU 



Primed by Xerox (UK) Business Services 
2.16.6/3.4 



BNSOOCID: <EP. 



.0878896A1J_> 



EP 0 878 896 A1 



Description 
TECHNICAL FIELD 

This invention relates to the improvement of an alr- 
- cooled motor forcedly cooled down with a fan. 

BACKGROUND ART 



In general, an air-cooled motor is cooled down with 
a number of cooling fins vertically provided on the cir- 
cumference of a motor housing by maWng use of natural 
radiation or by blowing air from a forced-air cooling fan 
to the cooling fins. In either case, since heat is only 
absorbed from the motor with the medium of air contact: 
ing the surfaces of the cooling fins, satisfactory cooling 
effect is not expected, and besides, it is necessary to 
provide a sufficient space around the motor housing for 
feeding fresh air to the cooling fins at all times, resulting 
in difficulty in an-anging mechanical components close 
to each other. 

When an air^ooled motor is used for driving a 
machine tool and cooling of the air-cooled motor is car- 
ried out by blowing air from the forced-air cooling fan to 
the cooling fins, air having absorbed heat from the 
motor is blown against a column or a feed shaft of the 
machine tool, with the result that variation in the dimen- 
sions of members due to thermal expansion may cause 
lowering of working accuracy. For this reason, it is cus- 
tomary to set blowing direction of air from the forced-air 
cooling fan to be parallel with a motor shaft for prevent- 
ing such a problem from arising, and a number of 
machines are designed is such a manner. 

However, spindle-through-coolant is often applied 
to the recent machine tool by directly connecting a mam 
shaft to the motor shaft for the speed-up of the main 
shaft and the improvement in power efficiency. In this 
case as shown in Fig. 4. for instance, a motor shaft 101 
has a coolant feed passage (a through hole) 100. and a 
coolant feed pipe 102 and a pipe joint 103 are anranged 
on the axial rear side (that is. the side opposite to the 
main shaft, i.e.. the right side in Fig. 4) of the motor sha.ft 
101 . On the other hand, the main shaft (not shown) is 
located on the axial front side (i. e.. the side of the main 
shaft, i.e. the left side in Fig. 4) of the motor shaft 101. 
Thus a forced-air cooling fan cannot be provided on 
either side i.e.. the axial front side and the axial rear side 
of the motor shaft 1 01 . For this reason, a forced-air cool- 
ing fan 105 is provided in the vicinity of the center of a 
motor housing 104 in such a posture that the axial 
center of a rotary shaft of the forced-air cooling fan is 
allowed to extend orthogonally to the axis of the motor 
shaft 101. as shown in Fig. 4. 

In the prior art shown in Fig. 4. the center of the 
motor housing 104 and the forced-air cooling fan 105 
are covered with a hood 106. and a motor 107 is forc- 
edly air-cooled as if the motor takes the shape of a 
ducted fan. However, as only the center of the motor 



107 is cooled, cooling efficiency of the motor is low. and 
if a column or a feed shaft is disposed in the course of 
warmed air, working accuracy may be lowered. 

5 DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide an 
air-cooled motor, in which forced cooling of the motor 
can be effected with air supplied in axial direction of a 
70 motor shaft, even when spindle-through coolant is used. 
In order to attain the above object, an air-cooled 
motor according to the present invention comprises a 
motor body having a motor shaft in the center thereof, a 
motor housing having a plurality of air passages extend- 
15 ing in the direction of the axis of the motor shaft, an 
extension tube having one end fixed to one end of the 
motor housing, and an air-cooling fan mounted on the 
other end of the extension tube, wherein, when the fan 
is rotated, outside air is first drawn into the air passages 
20 formed in the motor housing, and then flows into the 
extension tube after passing through the air passages, 
or outside air is first drawn into the extension tube and 
then passes through the air passages formed in the 
motor housing. , 
25 Preferably, a coolant-feeding through hole is formed 
in the motor shaft, and one end of a coolant feed pipe 
extending through the extension tube is connected to an 
opening end of the through hole in the motor shaft 
through a connection member. 
30 More preferably, the connection member is 
arranged between the motor housing and the fan. 

More preferably, the opening end of the through 
hole in the motor shaft and at least a part of the connec- 
tion member are covered with a closed chamber, the 
35 closed chamber is provided with a drain for the recovery 
of coolant having leaked through the connection mem- 
ber or a gap between the connection member and the 
through hole in the motor shaft, and a drain pipe con- 
nected to the drain is arranged to lead to the outside 
40 through a peripheral wall portion of the extension tube. 
According to the present invention, even an air- 
cooled motor, to which spindle-through coolant is used, 
can be cooled down with air supplied in axial direction of 
the motor shaft. Further, since there is no possibility that 
45 air having absorbed heat from the motor is blown 
against the column or the feed shaft of the machine tool, 
each part of the machine tool can be prevented from 
thermal expansion to maintain stable machining accu- 
racy. « ^ ^ 
50 Further, since cooling of the motor is carried out 
with air flowing through the air passages formed in the 
peripheral wall of the motor housing, it is not necessary 
to provide a wide space around the motor housing, 
unlike the case of utilizing the effect of heat radiation by 
55 the fins on the circumference of the motor housing, so 
that compact arrangement of machine elements around 
motor housing can be made. 

Besides, since the connection portion between the 
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coolant-feeding through hole provided in the motor shaft 
and the coolant feed pipe Is closed up with the closed 
chamber, even when the coolant leaks through the con- 
nection portion, the coolant together with exhaust, 
would not be blown against the machine tool or the like, 5 
and as a result, any problem such as the rust on the 
machine tool and the abnormal condition of an electrical 
equipment does not arise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side sectional view showing the structure 
of an air-cooled motor according to one embodi- 
ment of the present invention; 
Fig. 2 is a front view showing the air-cooled rrxstor 
of Fig. 1 ; 

Fig, 3 is a side sectional view showing a modifica- 
tion of the air-cooled motor of Fig. 1 ; and 
Fig. 4 is a schematic view showing an air-cooled 
motor of a prior art. 

BEST MODE OF EMBODYING THE INVENTION 

Hereinafter will be described one embodiment of 
the present Invention together with its nnodif Ication with 
reference to Rgs. 1 to 3. Incidentally, Fig. 1 shows a 
section taken along a line A-A' in Fig. 2. 

An air-cooled motor 1 as one embodiment of the 
present invention comprises a motor body 3 which is 
conposed of a peripheral wall housing 2 having a coil 
14 integrally formed with a stator core, a motor shaft 6 
fixedly mounted with a rotor 15 composed of a rotor 
core and an aluminum die casting, a head cover 16 
through which the front end portion of the motor shaft 6 
passes and which closes up a front end of the periph- 
eral wall housing 2, and a bottom cover 17 through 
which the rear end portion of the motor shaft 6 passes 
and which closes up a rear end of the peripheral wall 
housing 2. The peripheral wall housing 2, the head 
cover 1 6 and the bottom cover 1 7 are connbined to form 
an entire motor housing. The motor shaft 6 is rotatably 
axially supported by the bearing 18 mounted on the 
head cover 16 the bearing 19 mounted on the bottom 
cover 1 7 respectively. 

As shown in Fig. 1 . in addition to the motor body.3. 
the air-cooled motor 1 comprises a cylindrical extension 
tube 4 fixed to a rear end of the bottom cover 1 7 of the 
motor housing, a forced-air cooling fan 5 mounted on a 
rear end of the extension tube 4, a closed chamber 9 
provided so as to cover a connection portion between a 
coolant-feeding through hole 7 formed in the motor 
shaft 6 of the motor body 3 and a coolant feed pipe 8. 
drains 10. 1 1 arranged in the dosed chamber 9. and 
drain pipes 1 2. 1 3 connected to the drains 1 0. 1 1 . 

As shown in Fig. 2, the peripheral wall housing 2 is 
constituted from a prism-shaped member which is 
square in cross section but four corners of the square 
are chamfered and which has through hole at its center. 



The through hole is circular in cross section and has a 
diameter large enough to house the rotor 15. The 
peripheral wall housing 2 has first, second and third 
through holes as air passages 20. 21 and 22 in each of 
chamfered four corners of the peripheral wall housing. 
These through holes extend in parallel to the axial 
center of the motor shaft 6. In addition, the head cover 
16 and the bottom cover 17 respectively fixed to the 
front end and the rear end of the peripheral wall housing 
2 also have holes (not shown) in places corresponding 
to the air passages 20. 21 and 22. These holes have the 
some cross section as that of the air passages 20. 21 
and 22. 

The head cover 16 also has chamfered four corners 
similar to those of the peripheral wall housing 2. as 
shown in Fig. 2. The head cover 16 has flanges 23 inte- 
grally formed therewith at four places corresponding to 
chamfered four coi-ners of the head cover. Each flange 
23 has a tx)It-hole 24 necessary for mounting the air- 
cooled motor 1 on various machines. Further, as shown 
in Fig. 1, in each flange 23 of the head cover 16 has a 
radially outwardly opening notch 25 at a position corre- 
sponding to the place of the fc»lt-hole 24. Thus, the air 
passages 20. 21 and 22 are not blocked with the bolts or 
nuts (not shown) inserted into the bolt-holes 24. 

The motor shaft 6 has a coolant-feeding through 
hole 7 formed concentric with the axial center of the 
motor shaft 6. A tapered female thread for connecting a 
pipe is provided on the rear end side of the through hole 
7 up to an opening portion of the through hole 7. 

A first annular sensor elemerrt 26 is fixed to the cir- 
cumference of the rear end of the motor shaft 6. On the 
other hand, a second sensor element 27 is fixed to the 
rear side surface of the bottom cover 17, The first sen- 
sor element 26 and the second sensor element 27 are 
arranged ^cing each other leaving a predetermined 
space therebetween, thereby forming a position sensor 
to detect the rotating position of the motor shaft 6. 

Further, a housing base 28 for fixing a closed 
chamber 9 is mounted on the rear end surface of the 
txDttom cover 17 through an O-ring 29 serving as a gas- 
ket. The first sensor element 26 and the second sensor 
element 27 are arranged within a space defined by the 
bottom cover 1 7 and the housing base 28. In the center 
of the housing base 28. there is a hole of a diameter 
enough to permit the motor shaft 6 to pierce tfirough the 
housing base, and the rear end of the motor shaft 6 is 
inserted through the hole. Further, an annular periph- 
eral wall 30 is integrally formed in the center of the rear 
side surface of the housing base 28, sun^oundlng the 
hole through which the motor shaft 6 is passed. 

On the other hand, a f linger (a rotary seal member) 
31 is fixed to the circumference of the rear end of the 
motor shaft 6. In the center of the f linger 31. a through 
. hole is formed for passing through the motor shaft 6. 
while in the front side surface of the f linger, an annular 
recess is formed around the through hole. A part of the 
annular peripheral wall 30 of the housing base 28 is f it- 
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ted into the recess of the finger 31. Then, when the fin- 
ger 31 is rotated in synchronism with the rotation of the 
motor shaft 6. the inner wall of the recess in the finger 
31 and the circumferential surface of the annular periph- 
eral wall 30 are opposed to each other with a slight 
space therebetween, so that a gap between the motor 
shaft 6 and the housing base 28 is made watertight. 

The closed chamber 9 taking a shape of substan- 
tially cylindrical container is fixed to the housing base 
28. The closed chamber 9 has a flange extending from 
an opening end thereof outwardly in a radial direction. 
The closed chamber 9 is fixed to the housing base 28 
with bolts inserted into a plurality of bolt holes (not 
shown) formed in the flange. The closed chamber 9 
fixed to the housing base is concentric with the axia! 
center of the motor shaft 6. 

The closed chamber 9 has a flange-shaped water- 
proof wall 32 projecting from the inner surface, at its 
substantal axial center, inwardly In its radial direction. A 
top end surface of the water-proof wall 32 is arranged to 
face a circumferential surface of the front end of the 
motor shaft 6 leaving a slight space therebetween. 

Further, in the bottom of the closed chamber 9, 
there is a through hole, into which a fixed-side member 
34 Of a rotary joint 33 is fitted. The rotary joint 33 is a 
kind of pipe joint composed of the fixed-side member 34 
and a rotating-side member 35, and the rotating-side 
member 35 is freely rotataWe with respect to the fixed- 
side member 34. The fixed-side member 34 of the 
rotary joint 33 is inserted into the through hole in thfe 
bottom of the closed chamber 9 and f ixed to the bottom 
of the closed chamber 9 with a plurality of bolts. The 
fixed-side member 34 fixed to the closed chamber is 
concentric with the axial center of the motor shaft 6. 

On the other hand, the rotating-side member 35 of 
the rotary joint 33 is fixed to the motor shaft 6. and 
rotated together with the motor shaft 6. A tapered male 
thread is provided on the circumferential surface of the 
front end of the rotating-side menr*er 35. while a 
tapered female thread is provided on the inner surface 
of the rear end of the through hole 7 in the motor shaft 
6. so that the rotating-side mennber 35 is fixed to the 
motor shaft 6 by fitting the tapered male thread on the 
rotating-side member 35 Into the tapered female thread 
on the surface of the through hole 7. The rotating-side 
member 35 fixed to the motor shaft is rotated together 
with the motor shaft 6. 

Since it is difficult to completely prevent the leakage 
of coolant through the connection portion between the 
rotating-side member 35 and the fixed-side member 34 
of the rotary joint 33. the drains 10. 11 for draining the 
coolant, which has leaked through these portions, to the 
outside are provided in the bottom surface of the closed 
chamber 9. The coolant having leaked through the con- 
nection portion between the rotating-side member 35 
and the fixed-side member 34 is allowed to remain in 
the closed chamber 9 with the aid of the water-proof 
wall 32 formed on the inside of the closed chamber 9. 



Further, even if the level of the coolant having leaked 
through the connection portion exceeds the height of 
the water-proof wall 32, the flinger 31 prevents the cool- 
ant in the closed chamber 9 from intruding into the 
5 housing base 28 and also prevents the coolant in the 
closed chamber 9 from flowing outside. 

The 0-rlng 29 is interposed in a joint portion 
between the housing base 28 and the bottom cover 1 7. 
When the coolant having leaked through the connection 
10 portions between the drains 10. 1 1 and the drain pipes 
12. 13 and between the rotary joint 33 and the coolant 
feed pipe 8 reaches the joint portion between the hous- 
ing base 28 and the bottom cover 17 by way of the 
closed chamber 9 and the housing base 28 or the like. 
15 the 0-ring 29 prevents the coolant in the joint portion 
from intruding into the inside due to capillarity or the like. 

The cylindrical extension tube 4 fixed to the rear 
end of the bottom cover 17 of the motor housing has an 
axial length enough to house at least the housing base 
20 28, the closed chamber 9 and the rotary joint 33 in the 
extension tube. The drain pipes 12. 13 connected to the 
drains 10. 11 provided in the bottom surface of the 
closed chamber 9 and the coolant feed pipe 8 con- 
nected to the rotary joint 33 are respectively arranged to 
25 lead to the outside of the extension tube 4 through the 
holes respectively formed in a cylindrical portion of the 
extension tube 4. 

The cylindrical extension tube 4 has a flange por- 
tion 36 extending by a small amount from the rear end 
30 of the extension tube inwardly in a radial direction. A 
stay 39 is fixed to the flange portion 36 with four pieces 
of bolts 40. Further, an annular rectifying plate 41 is also 
fixed to the flange portion 36 with these bolts 40. Then, 
a fbrced-air-cooling fan 37 and a motor 38 for driving the 
35 fan 37 for rotation are mounted on the stay 39. The fan 
37 mounted on the stay 39 is covered with a duct 42 
fixed to the rear end of the extension tube 4. The rectify- 
ing plate 41. the fan 37 and the duct 42 constitute a 
turbo fan. 

40 In the air-cooled motor 1 shown in Fig. 1. air for 
cooling the motor is drawn into the motor from the side 
of the head cover 16 and exhausted through the duct 
42. Othenwise. the cooling air may be drawn into the 
motor from the side of the duct 42 and exhausted 
45 through the head cover 16 by reversing the flow direc- 
tion of the cooling air. In this case, as shown in Fig. 3, 
the fan 37 and the rectifying plate 41 may be mounted in 
a posture reverse to that shown in Fig. 1 . 

When the fan 37 is rotated on condition that the fan 
50 37 and the rectifying plate 41 are mounted in directions 
as shown in Fig. 1 respectively; air is drawn out of the 
extension tube 4 which then produces negative pres- 
sure, and air drawn into the air passages 20. 21 and 22 
through the notch 25 on the front end side of the periph- 
55 eral wall housing 2 absorbs heat from the motor 1 1 as 
the air flows through the air passages 20. 21 and 22 
toward the rear of the peripheral wall housing 2. On the 
other hand, when the fan 37 is rotated on condition that 
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the fan 37 and the rectifying plate 41 are mounted in 
directions as shown in Fig. 3. respectively, outside air is 
drawn into the extension tube 4 through the duct 42, and 
absorbs heat from the motor 1 when flowing through the 
air passages 20. 21 and 22 toward the front of the 5 
peripheral wall housing 2. 

As described above, according to the present 
invention, the cooling of the motor body 3 is carried out 
with air forcedly fed to the air passages 20, 21 and 22 
provided in the peripheral wall housing 2. Thus, an area 10 
itself of the heat radiating portion in the present inven- 
tion is considerably small as compared with that availa- 
ble by a conventional air-cooled motor having a large 
number of cooling fins vertically provided on the circum- 
ference of the motor housing. However, according to the is 
present invention, since the turbo fan Is used to forcedly 
feed a large quantity of air into the air passages 20. 21 
and 22. the air-cooled motor in the present invention is 
superior in cooling performance to the prior-art air- 
cooled motor. 20 

As apparent from the above description, according 
to the present invention, since It is not necessary to pro- 
vide any cooling fin on the circumference of the motor 
housing, the diameter of the motor itseK can be 
reduced, and besides, there is no possibility that 25 
warmed air resulting from absorbing heat from the 
motor is blown against the column or the feed shaft of 
the machine tool and then heats them, so that various 
elements of the machine tool can be arranged com- 
pactly, thereby enabling the machine tool to opa'ate 'so 
with more stable machining accuracy. 

Further, even when the leakage of coolant occurs in 
the connection portion between the fixed-side member 
34 and the rotating-side member 35 of the rotary joint 
33 or between the rotating-side member 35 and the 35 
through hole 7 in tiie motor shaft 6, the coolant having 
leaked through such connection portions can be held in 
the dosed chamber 9. Thus, there is no fear of having 
the coolant scattiered togetiier with exhaust to mst the 
machine tool or the electrical equipment. The coolant 4o 
collected in the closed chamber 9 can be drained out- 
side the motor 1 through the drains 10, 11 arxJ the drain 
pipes 12, 13. Further, if necessary, a compressed air 
pipe 43 may be additionally connected to the inside of 
the closed chamber 9 to supply compressed air into the 4S 
closed chamber 9 to force the remaining coolant on the 
bottom of the dosed chanrber 9 to be completely 
drained through the drain pipes. 

Claims so 

1. An air-cooled motor, comprising: 

a motor body having a motor shaft in the center 
thereof: ss 
a motor housing having a plurality of air pas- 
sages extending in the direction of tine axis of 
said motor shaft; 



an extension tube having one end fixed to one 
end of said motor housing: and an air-cooling 
fan mounted on the other end of said extension 
tube: 

wherein, when said fan is rotated, outside air is 
first drawn into the air passages formed in said 
motor housing and then flows into the exten- 
sion tube after passing through the air pas- 
sages, or outside air is first drawn into the 
extension tube and then passes through the air 
passages formed in said motor housing. 

2. An air-cooled motor according to claim 1 , wherein a 
coolant-feeding through hole is formed in said 
motor shaft, and one end of the coolant feed pipe 
extending through said extension tube is connected 
to an opening end of the through hole in said motor 
shaft through a connection member. 

3. An air-cooled motor according to claim 2, wherein 
said connection member is arranged between said 
motor housing and said fan. 

4. An air-cooled motor according to claim 2. wherein 
the opening end of the through hole in said motor 
shaft and at least a part of said connection member 
are covered with a closed chamber; said dosed 
chamber is provided with a drain for tiie recovery of 
coolant having leaked through the connection 
member or a gap between the connection mertiber 
and the through hole in said motor shaft; and a 
drain pipe connected to said drain is arranged to 
lead to the outside through a peripheral wall portion 
of said extension tube. 

5- An air-cooled motor according to daim 2. wherein a 
housing base, having a through hole in the center 
thereof for passing one end of said motor shaft, is 
fixed to one end surface of said motor housing; a 
substantially disc-shaped flinger is fixed to the cir- 
cumference of said one end of the motor shaft so 
that said flinger is rotated within said closed cham- 
ber as the motor shaft rotates; and one end surface 
of said housing base and one end surface of said 
flinger are arranged to face each ptiier through a 
slight space provided therebetween to form a rotary 
seal member between said housing base and said 
flinger. 

6. An air-cooled motor according to claim 4. wherein 
said connection member is a rotary joint composed 
of a rotating-side member arxJ a fixed-side member, 
and said rotating-side member is fitted and fixed to 
an end of the coolant-feeding through hole in tiie 
motor shaft, while said fixed-side member extends 
tiirough a wall of said closed chamber and is fixed 
to said wall. 
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